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Introduction
Cervical cancer is considered to be one of the major public health challenges. Many environmental risks factors are known and they include human papillomavirus (HPV) infection, obesity and reproductive factors. The incidence of cervical cancer is significantly lower among women from developed countries, because of the availability of cervical screening. For example, Sweden has a universal tax-financed health care system that covers all individuals with a residence permit. In Sweden, the incidence of cervical cancer has been reduced by 50% since the introduction of screening in the late 1960s [1] . To further reduce the burden of this cancer, vaccination against HPV infection has recently been introduced in Sweden and other western countries. However, socioeconomic disparities, and physical, and social characteristics may influence health-related behaviors, screening behaviors and health conditions in Sweden [2, 3] and other countries [1, [4] [5] [6] [7] [8] .
Despite national cervical screening programmes and success in reducing cervical cancer rates, socioeconomic disparities in cervical cancer morbidity and mortality persist [8] [9] [10] [11] [12] [13] . To identify risk factors and high-risk groups in different societies is essential for any prevention program for cervical cancer; still a significant public health priority in several countries [14] .
According to previous research, individual socioeconomic status is inversely related to the morbidity and mortality in cervical cancer [8] [9] [10] [11] [12] [13] During the first decade of this millennium an increasing number of studies have described the separate influences of individual-and neighborhood-level SES on health [15] [16] [17] [18] [19] . However, only a few studies have examined the effects of neighborhood-level SES on cervical cancer risk [20, 21] . To the best of our knowledge, no study to date has simultaneously analyzed the effect of neighborhood-level SES on cervical cancer morbidity and mortality, after adjusting for individual-level characteristics.
The first aim of this study is to investigate whether there is an association between neighborhood deprivation and cervical cancer morbidity and mortality. The second aim is to investigate whether this possible difference remains after accounting for individual-level sociodemographic characteristics, i.e. age, marital status, family income, education, immigration status, urban/rural status, mobility, comorbidities (hospitalization of chronic obstructive pulmonary disease, alcoholism and alcohol related liver disease, obesity, coronary heart disease, type 2 diabetes, hypertension, heart failure, stroke and other cancers), parities, and number of partners.
Materials and methods
The dataset used in this study is based on data from nationwide population-based datasources.
The dataset incorporates information on the entire national population over a period of 40 years. It includes cervical cancer data for the entire population. Additionally, the dataset incorporates population-wide documentation regarding concomitant factors such as geographical region and socioeconomic status. We used the main diagnoses for cervical cancer recorded in the register. Additional linkages were carried out to national census data to obtain individual socioeconomic status, occupation, geographical region of residence. The National Registry of Causes of Death was used to identify date of death and mortality of cervical cancer and other causes of death. The Population Registry was used to identify date of emigration. All linkages were performed by the use of an individual national identification number that is assigned to each person in Sweden for his or her lifetime. This number was replaced by a serial number for each person in order to provide anonymity. 5 The follow-up period started on January 1, 1990 and proceeded until hospitalization for cervical cancer, death, emigration or the end of the study period on December 31, 2008.
Outcome variable
The outcome variable was morbidity and mortality from cervical cancer. We used the Swedish Cancer Registry to identify primary diagnoses of cervical cancer in the study population during the study period. All cases of cancer in Sweden must be registered in the Swedish Cancer Registry. The completeness of cancer registration is currently considered to be close to 100%. Only primary neoplasms of the cervix classified according to the 7th revision of the International Classification of Diseases (ICD-7) were studied (the Swedish Cancer Registry has transferred all the cancer ICD codes into ICD-7 code 171). The mortality due to cervical cancer was identified in the Cause of Death Registry during the same period. and ICD-10=C53) were used to define mortality due to cervical cancer.
Individual variables
Individual variables included age at the start of the study, marital status, family income, educational attainment, immigration status, geographical region, mobility, and hospitalization for comorbidities of the subjects.
Age. Age ranged from 25 to 74 years and was divided into 10-year categories.
Marital status. Individuals were classified as married/cohabitating or single.
Family income by quartile. Information on family income in 2000 came from the Total Population Register, which was provided to us by Statistics Sweden. We used this information to determine the distribution of family incomes in Sweden, and then used the distribution to calculate empirical quartiles.
Educational attainment. Educational attainment was classified as completion of compulsory school or less (≤ 9 years), practical high school or some theoretical high school (10-11 years), or theoretical high school and/or college (≥ 12 years). Parities: Women were included in this study if they had at least one child.
Partners: Partners were identified according to children who the partners had pleaded fatherhood for immediately after birth.
Neighborhood Deprivation Index:
The home addresses of all Swedish adults have been geocoded to small geographic units that have boundaries defined by homogeneous types of buildings. These neighborhood areas, called small area market statistics, or SAMS, have an average of 1000-2000 people and were used as proxies for neighborhoods, as has been done in previous research [18, 22] . Adults whose addresses were not able to be geocoded to a SAMS were excluded (n=35935 individuals, 1.8% of the sample). The final sample consisted of 8291 SAMS.
A summary measure was used to characterize neighborhood-level deprivation. We identified deprivation indicators used by past studies to characterize neighbourhood environments and then used a principal components analysis to select deprivation indicators in the Swedish national database. The following four variables were selected for those aged 25-64: low educational status (<10 years of formal education); low income (income from all sources, including that from interest and dividends), which was defined as less than 50% of the individual median income) [18, 23] ; unemployment (not employed, excluding full-time students, those completing compulsory military service, and early retirees), which was measured at a certain point in time for all inhabitants in each neighborhood; and social welfare assistance. Each of the four variables loaded on the first principal component with similar loadings (+.47 to +.53) and explained 52% of the variation between these variables.
A z score was calculated for each SAMS neighbourhood. The z scores, weighted by the coefficients for the eigenvectors, were then summed to create the index. [24] The index was categorized into three groups: below one standard deviation (SD) from the mean (low deprivation), above one SD from the mean (high deprivation), and within one SD of the mean (moderate deprivation). Higher scores reflect more deprived neighborhoods.
Statistical Analysis
Age-standardized morbidity and mortality were calculated by direct age standardization using 10-year age groups specific to women, with the entire Swedish population of women in 1990 as the standard population. Multilevel (hierarchical) logistic regression models with incidence proportions (the proportion of women who became cases among those who entered the study time interval) were used as the outcome variables. The analyses were performed using MLwiN, version 2.02. First, a null model was calculated to determine the variance among neighborhoods. A neighborhood model was also calculated that included only neighborhoodlevel deprivation to determine the crude risk of cervical cancer morbidity and mortality by level of neighborhood deprivation. We then created a second model, which included neighbourhood-level deprivation and age, and a third model, which also included the other individual-level sociodemographic variables (added simultaneously). A fourth model, i.e., the full model, was calculated that included neighborhood-level deprivation and all individuallevel variables, which were added simultaneously to the model. These full models tested whether neighborhood-level deprivation was significantly associated with cervical cancer morbidity and mortality after adjusting for the individual-level characteristics, and whether there were differential effects of neighborhood-level deprivation on cervical cancer morbidity and mortality across sociodemographic characteristics [25] .
Random effects: The between-neighborhood variance was estimated both with and without a random intercept. It was regarded as significant if it was larger than 1.96 times the standard error, which is in accord with the precedent set in previous studies [18, 26, 27] .
Ethical considerations
This study was approved by the Ethics Committee of Lund University, Sweden. Table 1 shows population sizes and neighbourhood characteristics in the year 1990 by neighbourhood-level deprivation. The total number of neighbourhoods was 8291. Of the total population, 25%, 61%, and 14% lived in low, moderate, and high deprivation neighborhoods, respectively. During the follow-up period from January 1, 1990 through December 31, 2008, there were 4321 (0.2%) women who were diagnosed with cervical cancer, of whom 818 The odds ratio (OR) of cervical cancer morbidity for women living in a high versus low deprivation neighborhood was 1.34 (1.21-1.48) in the crude neighborhood-level model ( Table   2 ). Neighbourhood-level deprivation remained significantly associated with hospitalisation for cervical cancer after adjustment for age (model 2) and age and the other individual-level sociodemographic variables (model 3). Neighborhood-level deprivation remained also significantly associated with cervical cancer morbidity after adjusting for all individual-level sociodemographic variables and comorbidities (OR = 1.25; 95% CI, 1.13-1.38) (model 4).
Results
The highest odds of cervical cancer morbidity were shown for individuals who were never married, widowed, or divorced; had low family income (middle-low and low family income); the lowest educational attainments; mobility; more parities, and more partners. The odds of cervical cancer were highest in women with comorbidities of alcoholism and alcohol-related liver disease (OR=1.45), hypertension (OR=1.23), and chronic lower respiratory diseases (OR=1.18). Immigrant women, women living in small towns or rural areas and women affected with coronary heart disease showed decreased odds of cervical cancer morbidity.
The odds ratio (OR) of mortality in women living in a high versus low deprivation neighborhood was 1.63 (1.29-2.06) in the crude neighborhood-level model ( Table 3) .
Neighborhood-level deprivation remained significantly associated with mortality after adjusting for the individual-level sociodemographic variables (no case of mortality was found in immigrants) and comorbidities (OR = 1.36; 95% CI, 1.07-1.73) (model 4). The highest odds of mortality were found for individuals who were never married, widowed, or divorced, had low level family income (middle-low and low family income); had more children; and more partners. The odds of cervical cancer mortality were highest in women with comorbidities of alcoholism and alcohol-related liver disease (OR=1.76), and other cancers (OR=1.44). Women living in small towns or rural areas had decreased odds of cervical cancer mortality.
The test for cross-level interactions between the individual-level sociodemographic variables
and neighborhood-level deprivation on risk of cervical cancer morbidity and mortality showed no meaningful cross-level interactions or effect modification.
The between-neighborhood variance (i.e., the random intercept) was over 1.96 times the standard error in all models, indicating that there were significant differences in cervical cancer morbidity and mortality between neighborhoods after accounting for the neighborhood-level variable and the individual-level variables. The neighborhood-level variable explained 14% and 7% for morbidity and mortality, respectively, of the betweenneighborhood variance in the null model ( Table 2 and Table 3 ). After inclusion of the individual-level variables, the explained variance increased to 60% and 38%, respectively.
Discussion
The main findings of this study are that the odds of cervical cancer morbidity and mortality are higher among women living in deprived neighborhoods than among women living in affluent neighborhoods. This difference remained significant after adjustment for the individual-level sociodemographic variables and comorbidities. The present study represents a novel contribution as previous neighbourhood study of cervical cancer morbidity and mortality are scarce [20] .
The causal pathways between neighborhood socioeconomic deprivation and poor health outcomes are not fully understood. However, several possible mechanisms could lie behind our findings. One possible mediator could be psychological stress [28, 29] due to littered and unsafe environments, vandalism, isolation/alienation and violent crime [30] in deprived neighborhoods. For example, it has been suggested that crime lies in the pathway linking the neighborhood social environment and health [17, 31] ; indeed, a consistent association between neighborhood social deprivation and crime has been found in previous studies [31] .
Socially deprived neighborhoods in the U.S. are often affected by both criminal violence and residential instability [17] . It is possible that women are particularly vulnerable to stressors such as sexual violence [32] . Consistent with this hypothesis are the results of a 2011 U.S. study, which found that violence was associated with women's cervical cancer morbidity [33] .
Additionally, socio-cultural norms regarding diet, smoking and physical activity, could vary between neighborhoods and affect the health of the residents and the risk for cervical cancer.
It is possible that the lack of safe environments reduces the possibility to exercise, which aggravates an unhealthy life style. Living in a deprived neighborhood can cause isolation from health-promoting milieus (e.g. safe places to exercise, decent housing) and services. For example, a French study showed that risk factors, such as low socioeconomic status (education and household income), unemployment, and living in middle-, or lower-class neighborhoods were associated with increased risks of lack of cervical screening [5] . Similar results were found in another neighborhood study on cervical cancer mortality in a New York population [20] ; the mortality was 32% higher among women living in high poverty neighborhoods than among women living in high-income neighborhoods.
In Sweden, universal medical care is provided to all permanent residents, and primary healthcare clinics and hospitals are equally distributed and located centrally in all types of neighborhoods [34] . However, the actual number of health professionals working in primary healthcare clinics can vary considerably by neighborhood type. This is due to difficulties in recruiting and retaining healthcare personnel in high-deprivation neighborhoods. The misdistribution of medical personnel across neighborhoods has also been documented in England, another country with universal health care [35] .
Our study has some limitations. For example, in studies of neighborhood effects on health, selective residential mobility can cause compositional neighborhood differences. Selective residential mobility is the tendency of individuals to move to neighborhoods whose characteristics match their individual characteristics (for example, the tendency of individuals with low socioeconomic status to move to low-socioeconomic status neighborhoods).
However, we adjusted for family income, which improved our possibilities to differentiate between compositional and contextual effects on cervical cancer morbidity and mortality.
There are also a number of strengths in this study. The large cohort included practically all patients with cervical cancer (25 years and older) in Sweden during the study period, which increases the generalizability of our results. Another strength is the use of personal identification numbers that made it possible to follow the individuals in the different registers, for example in the Migrant Register, which permitted calculation of exact risk time for each individual. Second, the Swedish Total Population Register is highly complete, with very few missing data. For example, data for income were 99.4% complete. Finally, the use of multilevel modeling helped us to separate neighborhood-level and individual-level effects and allowed us to consider both fixed and random effects in the analyses.
CONCLUSIONS
Neighborhood deprivation has an independent contribution on the risk of cervical cancer morbidity and mortality. The individual-level and neighborhood-level variables may cumulatively load against individuals so that the most at-risk individuals would be those who have both individual-and neighborhood-level risk factors. These findings raise important clinical and public health concerns, and indicate that both individual-and neighborhood-level approaches are important in health care policies.
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